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This invention relates to a pocess for separating 
boric acid compounds dissolved in water , particularly borate 
ions from an aqueous solution containing boric acid compounds 
at a low concentration such as sea water , with good selectivity 
5 and at high efficiency. 


Borate ions exist natively in minute amounts in 
natural rivers, lakes or ponds r sea water and underground 
brine. When such water sources are utilized for agricultural 
purposes, the presence of boron at a level of 5 ppm or higher 
10 has been known to be detrimental to growth of agricultural 
crops * 

Also, in the production of magnesium hydroxide from 
sea water, boric acid compounds dissolved in sea water at a 
level of 4 to 5 ppm as boron are co-precipitated with magnesium 

15 hydroxide, which results in a reduction in the quality of the 

properties of refractory bricks produced by the use of such magnes- 
ium hydroxide, for example he a L resistance is lowered, Since 
borate ions are dissolved in very much smaller amounts 
in water as compared to other co-existing 

20 anions, it is very difficult to selectively remove only borate 
ions. 

Hitherto, as methods for separation of boric 
acid compounds dissolved in water, various methods have 
been proposed for adsorption separation, for example , 
25 using anion exchange resins , chelate resins such as 

boron-selective resins derived from a polyvalent alcohol or 
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a metal hydroxide such as magnesium hydroxide or a hydrous 
zirconium oxide. However , the boric acid concentration may be 
as low as 4 to 10 ppm as boron, and also due to the co- 
presence of large amounts of other ions , means that the above de- 
5 scribed methods are insufficient in boron selectivity or 
adsorbability . Thus, at the present time, no 
economically effective method has been found. 


The present invention provides a process for 
separating borate ions by adsorption , which comprises 

10 the step of contacting the borate ion-containing 

water having a pH of about 5 to about 11 with an adsorbent 
comprising at least one compound selected, from hydroxides 
and hydrous oxides of rare earth elements thereby to have the 
borate ions adsorbed on the adsorbent.. According to a preferred 

15 embodiment of the invention, the adsorbent having the borate 
ions adsorbed thereon is further contacted with an aqueous 
solution having a pH of about 2 to about 4 or a pH of about 
12 to about 14 thereby to desorb the borate ions for re- 
generation and reuse of the adsorbent. 


20 Fig- 1 shows pH dependencies of the amounts of 

borate ion, sulfate ion and chloride ion adsorbed in sea 
water on hydrous cerium CIV) oxide according to the present 
invention; and 

Fig. 2 shows the relation between the pH of the 
25 solution for desorbing borate ions from the hydrous cerium 
(IV) oxide having borate ion adsorbed thereon and the de- 
sorption percentage . 


An object of the present invention is to provide 
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a process for efficiently separating borate ions from water 
containing borate ions dissolved therein at a low concentra- 
tion, particularly a process for selectively and efficiently 
removing a minute amount of borate ions co-existing with 
5 various cations and anions in an aqueous solution „ 

While the invention has been described in detail 
and with reference to specific eirbodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modifications can be made therein without departing from 
10 the spirit and scope thereof. 

Another object of the present invention is to provide 
a process for efficiently separating borate ions by adsorption 
and also an economical method for regeneration of the adsorbent 
comprising the specific steps of adsorption and clesorption . 
15 Still another object of the present invention is to provide 
an adsorbent for borate ions dissolved in water. 

A further object of the present invention is to 
provide a method of preparing an adsorbent for borate ions 
dissolved in water. 

20 According to the present invention, for example, in 

the step of producing magnesium hydroxide from sea water, 
brine or bittern, borate ions can be removed by separation 
from the water employed, followed by practicing methods 
known in the art, entrainment of boron compounds in magnesium 

25 hydroxide can markedly be reduced. 

The term "brine" as mentioned herein refers to a 
solution which is not saturated with sodium chloride when sea 
water is concentrated, and a solution which contains sodium 
chloride but is not saturated therewith such as underground 
30 brine, and the term "bittern" refers to a residual solution 
after removing sodium chloride from sea water by dialysis or 
other methods D 
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The hydroxides and hydrous oxides or rare earth 
elements which can be employed in this invention include 
all the compounds obtained by hydroxy lation of the metals 
of rare earth elements,, namely Y, La, Ce, Pr , Nd, Pm, Sin, 
Eu, Gd, Tb, Dy , Ho, Er, Tm, Yb and Lu, the oxides and salts 
thereof. Of the rare earth elements , La, Ce, Y and Sm are 
preferred. Above all, Ce (IV) is the most preferable because 
of its superior adsorption properties in addition to its 
solubility in water which is negligibly small. 

These hydroxides or hydrous oxides of these rare 
earth elements can be used either as an individual species 
or as a mixture of two or more species. 

Further, the hydroxides and hydrous oxides of rare 
earth elements which can also be employed include complex 
hydrous oxides of rare earth elements formed during the hydroxy- 
lation of rare earth elements in the co-presence of various 
kinds of metal ions. Examples of such metals which can be 
co-present include Al , Cr , Co, Ga, Fe, Mn, Ni , Ti, V, Sn, 
Zr, Hf, Ge, Mb and Ta . Preferably, the derivable amount of 
the other notnls present is not more than 50%. 

In addition, cations or anions to be employed during 
the hydroxylation may also be present with the hydroxides 
and hydrous oxides of rare earth elements of this invention in 
the form of compounds conjugated thereto as a part of its 
structure. Examples of such cations and anions which may also 
be present are MH<* + , Na + , K + , Ca 2+ , S0l~ , NOT, F" , CI", POl 
and others . 

Further, the hydroxides and hydrous oxides of the 
present invention may also he employed together with other 
substances such as active carbon, active alumina, hydrous 
zirconium oxide, hydrous titanium oxide and others. 
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The chemical structures of the hydroxide and hydrous 
oxide of a rare earth element of the present invention are 
not clear but may be assumed to be any of Ln (OH) 3 - xH 2 0, 
Ln 2 Oa -xH 2 0 , [Ln 2 O a (OH) s _ za - xHzO] n for trivalent rare earth 
elements or any of Ln (OH) «* • xHzO , Ln0 2 -xH 2 0, [Ln 2 o a (OH) ,. 2a - 
xH 2 0] n for tetravalent rare earth elements such as Ce, Pr 
and Tb (a part of Ln may be replaced with the cation as de- 
scribed above, and a part of hydroxide with the anions as 
described above). In these formulae, Ln indicates a rare 
earth element, a is an positive integer of 0 to 3 , and x and 
n are positive integers. Mixtures of these compounds may 
also be used and mixing ratios are not particularly limited. 

These hydroxides or hydrous oxides of rare earth 
elements can easily be obtained as precipitates by adding an 

15 alkaline solution into an aqueous solution of salts of rare 
earth elements such as the hydrochlorides, sulfates and 
nitrates thereof and adjusting the pH of the aqueous solution 
of the salts to at least 7. In this time, the precipitates 
can adsorb borate ions, if an aqueous solution contains borate 

20 ions at pH 7 to 11. The precipitates can be provided for use 
as such in the state of a suspension or as a cake obtained 
by filtration, or alternatively as powder after drying or as 
shaped articles in any desired form such as granules, fibers, 
strands, bands or plates according to the method by support- 

2 5 ing the precipitates on a suitable porous carrier. In any 

case, the properties and the surface condition of the particles 
of the hydroxide and hydrous oxide of a rare earth element is 
important for exhibiting the effect of the present invention, 
and therefore it is preferred to control the amount of struc- 

30 tural water or adhesive water, and the particle size and the 
degree of agglomeration of the particles*. 

In view of the various standpoints as described 
above, it is preferred in the preparation of the hydroxide 
or hydrous oxide of a rare earth element to carry out the de- 
35 hydrating or drying operation under the conditions where no 
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structural water or adhesive water of the particles will be 
dissipated- For example, the drying operation is conducted 
preferably at a temperature of about 150°C or lower, more 
preferably 100 °C or lower, and the ignition loss is prefer- 
5 ably about 35 to about 10 % by weight, more preferably about 

30 to about 12 % by weight. The term "ignition loss" as herein 
mentioned shows the rate of loss in weight in terms of % 
after the ignition of dry powder at 600 °C- 

Further , the particles of the hydroxide or hydrous 
10 oxide of a rare earth element should desirably be as fine as 
possible. More specifically, the average primary particle 
size of the hydroxide or hydrous oxide preferably ranges from 
about 0.01 pm to about 2 \im, more preferably from about 0,01 
to about 0.5 ym, and also the degree of agglomeration of the 
15 particles, is preferably as small as about 0.05 to about 20 urn. 

The average primary particle size and the agglomeration particle 
size are measured by using an electron microscope with 10000 
magnification. 

In using the above described hydroxide or hydrous 

2 0 oxide of a rare earth element for the object of the present 

invention, its handling performance can be effectively enhanced 
by supporting the hydroxide or hydrous oxide on a suitable 
porous carrier. Materials which can be used as carriers 
include various inorganic and organic materials capable of 

25 exhibiting the effect of the present invention, but various 
organic polymeric materials are preferred from the aspects 
of process ability of carriers, strength of carriers, chemical 
resistance, etc. Examples of such organic polymeric materials 
include phenol resin, urea resin, melamine resin, polyester 

30 resin, diallyl phthalate resin, xylene resin, alkylbenzene 
resin, epoxy resin, epoxy aery late resin, silicone resin, 
urethane resin, fluorine resin, vinyl chloride resin, vinylidene 
chloride resin, polyethylene, chlorinated polyolefin, ^poly- 
propylene , polystyrene, ABS resin, poly amide , methacrylic 

35 resin, polyacetal, polycarbonate, cellulose type resin , 


BNSDOCID: <IE. 


_576B3B1J_> 


polyvinyl alcohol, polyimidc, polysulfone, polyacry lonitrilc and 
copolymers of the monomers included in those rosins* Oc 
these organic polymeric materials, it is prefer red to use 
polymers having appropriate water resistance and chemical 
resistance and high hydrophilicity and capable of forming a 
porous structure such as polyamide , cellulose type resin, 
polys ulf one, poly aery lonitrile and vinyl chloride-vinyl al- 
cohol copolymer. The carrier having a porous structure 
obtained from these resins has a sufficient adsorption rate 
and suitable for the technological method such as fixed bed 
or f luidized bed- In particular, when the hydroxide or 
hydrous oxide of a rare earth element is supported on a resin 
with high hydrophilicity , it is found to have a surprising 
effect to adsorb and desorb borate ions, even when the hy- 
droxide or hydrous oxide of a rare earth element is not 
exposed on the surface of the resin. 

The method for supporting the hydroxide or hydrous 
oxide of a rare earth element on an organic polymeric material 
may be selected from various known methods. For example, 
there may be employed the method in which the hydroxide or 
hydrous oxide of a rare earth element is suspended in a 
solution of a polymer dissolved in an appropriate solvent 
and shaped into granules, fibers, strands or bands; the 
method in which at least one monomer for an appropriate 
polymer is polymerized in the presence of the particles of 
the hydroxide or hydrous oxide of a rare earth element; or 
the method in which an appropriate polymer and various ex- 
tractants are kneaded and molded, followed by extraction of 
the extractants with a suitable solvent to make the polymer 
porous. In any case, the resultant polymer is required to 
have a porous structure and can hold the hydroxide or hydrous 
oxide of a rare earth element in a sufficient amount so that 
it can difficultly be leaked out therefrom, and any method 
may be available so long as such an object can be accomplished. 
Of these methods, a particularly preferred method comprises 
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dissolving a hydrophilic polymer such as poly amide , 
cellulose type resin, polysulf one , polyac'rylonitr lie , vinyl 
chlor idev inyl alcohol resin in a suitable solvent, 
suspending the hydroxide or hydrous oxide of a rare earth 
5 element in the resultant solution and forming into granules 
in water as the coagulation bath- The granules obtained 
according to this method have a porous structure, sufficient 
adsorption rate and physical strength,, and therefore they 
are suitable for operations of adsorption and desorptive 
10 regeneration according to the engineering by use of a 
fixed bed or a f luidized bed. 

According to a preferred embodiment of the 
invention, the adsorbing material is spherical. 

In particular, the amount of the polymer employed 
15 may be about 5 % by weight to about 50 % by weight, 

preferably about 10 % by weight to about 30 % by weight of 
the hydroxide or hydrous oxide of a rare earth element * 
Amounts of the polymer of lower than about 5 % by weight 
•Jo not show sufficient effect for supporting the hydroxide 
20 or hydrous oxide and the strength is also insufficient. On 
the other hand, amounts of higher than about 50 % by weight 
will markedly lower the adsorption rate- The particle size 
and the void volume of the adsorbent has influences or the 
adsorbing effect of the present invention. The average 
25 particle size is preferably about 0-1 mm to about 5 mm and 
the void volume is preferably about 0-5 to 0.85. 

The void volume as mentioned herein refers to 
the percentage of the change in volume from the apparent 
volume (V^) in dried state to the compressed volume (Vo) on 
30 compression under pressur iza t ion , namely (V^ - Vo) value, 
relative to the apparent volume V ^ , that is, (V^ - Vo) /V^ - 
The apparent volume (V^ ) is a volume measured according to 
the mercury picnome ter method, while the compressed volume 
( Vo) is a volume of a sample of the same weight when molded 

7 

between press plates at 100 °G under a pressure of 50 kg/cm" . 
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With a void volume less than about 0.5, the adsorption rate 
is too slow, and the strength will become insufficient when 
the void volume is more than about 0.35. 

In the separation of borate ions it is effective 
for the increase in the adsorbed quantity and the enhance- 
ment of selective adsorption in preference over other anions 
to control the dissociated state of borate ions and the 
surface potential of the hydroxide or hydrous oxide of a 
rare earth element by controlling the pH of the aqueous 
solution containing borate ions- More specifically, borate 
ions can be separated at good efficiency by controlling the 
pH of the aqueous solution containing borate ions at about 
5 to about 11. 

The borate ion concentration may be within the 
range from about 10 3 to about 10~ 3 ppm as boron atom to ex- 
hibit the effect of the invention, more preferably from 
about 10 2 to about 10" 1 ppm, to exhibit particularly marked 
effect of the invention. 

The hydroxide or hydrous oxide of a rare earth 
element of the present invention enables the selective 
separation of borate ions from water containing borate ions 
at low concentrations and a large amount of various co- 
existing anions, which has been deemed to be difficult in 
the prior art. For example, it can selectively adsorb the 
borate ions at 0.4 mM/liter co-existing with chlorine ions 
500 mM/liter as in sea water. 

The mechanism by which the hydroxide or hydrous 
oxide of a rare earth element according to the present in- 
vention fix borate ions has not been clarified so far- The 
term "adsorption" as herein mentioned refers to the phenomenon 
in which borate ions are fixed through the physical and 
chemical interactions between the hydroxide or hydrous oxide 
of a rare earth element or the surface state thereof in the 
aqueous solution and borate ions in the aqueous solution. 


Adsorption selectivity of the hydroxide or hydrous 
oxide of a rare earth element for borate ion is more specific 
as compared to ion exchangers of the prior art. The adsorp- 
tion characteristics of the hydroxide or hydrous oxide of a 
rare earth element for various anions depend on the pH value 
at which it is contacted with the solution to be treated. 
As for borate ions, in the case of sea water as shown in 
Fig. l r high adsorption capacity is exhibited within the pH 
range from about 5 to about 11, with its peak being at pH 7 
to 10 « The adsorption selectivity for the hydroxide or hy- 
drous oxide of a rare earth element is about 10 2 to 10** 
times (mole equivalent ratio) as much as that for co-existing 
chlorine ion, nitrate ion or sulfate ion. 

Particularly, the present invention is suitable as 
the method for selectively and efficiently separating and 
removing a minute amount of borate ions (ordinarily about 4 
to 50 ppm as boron atom) in a large excess of co-existing 
anions such as in sea water, brine or bittern • In the case 
of these waters, it is preferred to adjust the pH at about 
5 to about 10, particularly at about 7 to about 9.5* At a 
pH lower than about 5, adsorbability will be markedly reduced 
to worsen efficiency- On the other hand, at a pH higher than 
10 adsorbability is reduced and simultaneously magnesium in 
the waters will be precipitated as the hydroxide, whereby 
boron is also co-precipitated as a compound to undesirably 
mix as impurities in magnesium. 

Also, in separating borate ions from sea water, 
brine or bittern, it is preferred to previously remove car- 
bonate ion, which, when co-present in such waters, will tend 
to interfere with the adsorption of borate ions. Removal 
of the carbonate ion may easily be practiced according to 
the known method by, for example, adjusting the pH at 4 to 
5 , followed by aeration or boiling. According to this method, 
the carbonate ion concentration of 1-0 mM/liter dissolved in 
ordinary sea water can be reduced to 0.1 mM/liter or lower. 
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As the method for adsorbing borate ions on the hy- 
droxide or hydrous oxide of a rare earth element, any method 
may be available , which can bring the hydroxide or hydrous 
oxide of rare earth element into contact with a water con- 
taining borate ions dissolved therein. For example, there 
may be effectively employed the method, in which the suspen- 
sion, cake, powder or the above described shaped article of 
the hydroxide or hydrous oxide of a rare earth element: is 
added into the water to be contacted therewith as a suspen- 
sion; the method in which said water is passed through column 
filled with granules or powder of the hydroxide or hydrous 
oxide of rare earth element? and the method in which the 
shaped article in the form of fibers, strands or bands of the 
hydroxide or hydrous oxide of a rare earth element is immersed 
in the water. Also, after a water-soluble salt of a rare 
earth element is dissolved in the water, the precipitates 
of the hydroxide or hydrous oxide of a rare earth element 
may be formed by adjusting the pH to 5 or higher, preferably 
7 or higher, for the adsorption of borate ions dissolved in 
the water. 

The temperature at which the above described ad- 
sorption operation is conducted will have an influence on 
the adsorption rate, and heating is effective for this purpose- 
However, even at normal temperature (5°C to 35°C) the adsorp- 
tion rate is practically satisfactory, and the temperature 
is practically about 5°C to about 90 °C, preferably about 
20 °C to about 60 °C. 

The contact time depends on the method for contact, 
physical conditions and the state of the hydroxide or hydrous 
oxide of a rare earth element. While it will take about 
10 seconds to about 3 days before the adsorption amount 
reaches saturation. Practically, the contact time may be 
generally from about 0.2 to about 60 minutes. These condi- 
tions for temperature and time may also be adapted for the 
desorption and regeneration operations as hereinafter described - 
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The amount of the hydroxide or hydrous oxide of a 
rare earth element which can be employed may be set at an 
appropriate amount depending on the initial concentration 
and the target concentration to be reached, since there is 
the correlation of Freundlich type adsorption formula: 
Q = KC a (Q: amount adsorbed, K : proportional coefficient, 
C : concentration, ot : power coefficient) between the satu- 
rated adsorption amount per unit amount of the hydroxide or 
hydrous oxide of a rare earth element and the concentration 
of boric acid in the solution. A preferred amount of the 
hydroxide or hydrous oxide of a rare earth element is about 
0.1 to about 10 Kg/m 3 -water- For example, when borate ions 
in sea water (ordinarily 4 to 5 ppm as boron atom) are re- 
moved with the use of a hydrous oxide slurry of Ce (IV) , the 
slurry may be added in an amount of about 3 to about 1 kg- 
hydrous oxide/m 3 ~sea water to reduce the concentration to 1 
to 0.0 5 ppm as boron atom. 

The hydroxide or hydrous oxide of a rare earth 
element having adsorbed borate ions thereon according to the 
20 method as described above can also be subjected to desorption 
and regeneration according to an appropriate method such as 
by controlling of pH, addition of a salt, etc. The regen- 
erated hydroxide or hydrous oxide of a rare earth element 
can be reused to repeat adsorption separation. The above 
.15 described desorption can be performed by contacting the 

adsorbed hydroxide or hydrous oxide of a rare earth element 
with an aqueous solution having a pH of about 12 to about 
14 and pH 2 to 4. The desorbing solution is an aqueous 
alkaline solution, and the alkali species which can be em- 
30 ployed include inorganic alkalis such as, e.g. ammonium hydroxide 
potassium hydroxide, sodium hydroxide, and calcium hydr- 
oxide, - organic amines such as primary, secondary and 
tertiary alkylamines comprising methylamine , dimethylamine , 
trimethylamine and hydroxylalkylamines comprising triethanol- 
35 amine and others. Of these alkalis, sodium hydroxide has 

large desorption efficiency and is, therefore, particularly 


10 


J 5 
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preferred- The concentration of the alkali may be within 
the range from 0*5 to 1000 m£4/ liter,, preferably from 10 to 
500 mM/ liter. Also, for hardly soluble and relatively 
stable hydroxides or hydrous oxides of rare earth elements 

5 as represented by the hydroxide or hydrous oxide of Ce(IV), 
they can be desorbed by contacting with an aqueous solution 
having a pH of about 2 to about 4* The aqueous solution for 
desorption may preferably permit at least one anion selected 
from inorganic anions such as 

10 halogen anions , sulfate anion, nitrate anion, phosphate 
anion and organic anions such as oxalate anion v acetate 
anion to be co-present therein. In particular e f luorine ion 
and sulfate ion are preferred for their great desorption 
effects. The concentration of these anions which may differ 

15 depending on the ion species, is appropriately about 0.5 to 
about 1000 mM/liter. For example, in the case of sulfate 
ion the concentration may be about 10 to about 500 mM/ liter. 
Under the conditions of higher than a pH of about 4 and 
lower than a pK of 12, the desorption efficiency is smaller, 

20 and the hydroxide or hydrous oxide of a rare earth element 
will be markedly dissolved under the conditions of less 
than about pH 2- 

The present invention provides a process for the 
selective adsorption separation of borate ions dissolved in 

25 water, which comprises contacting the borate ion-containing 
water having a pH of about 5 to about 11 with an adsorbent 
comprising a hydroxide or a hydrous oxide of a rare earth 
element and separating the adsorbent having the borate ions 
adsorbed thereon from water. According to a preferred era- 

30 bod iment of the invention, the adsorbent having the borate 
ions adsorbed thereon is further contacted with an aqueous 
solution having a pH of about 2 to about 4 or a pH of about 
12 to 14 thereby to desorb the borate ions for regeneration 
and reuse of the adsorbent. According to a further pre- 

35 ferret embodiment, the process also comprises the step of 

washing the regenerated adsorbent with water having a pH of 
about 5 to about 10 to remove borate ions from the adsorbent. 
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The present invention is described in more detail by 
referring to the following Examples, but is not deemed to be 
limited thereto. 


In the specification r the equilibrated amount ad- 
sorbed, removal percentage and desorption percentage were 
determined from the following equations. 


Equilibrated 

amount 

adsorbed 


{ 


[Initial 

cone- B2O3 rag/£] 


x 


[Cone- after 
adsorption B x 0 3 mg/Jl] 


} 


Amount of hydroxide or hydrous oxide of rare 
earth element added per unit volume (g/£) 


(B 2 0 3 mg/g hydroxide or hydrous oxide of rare earth element) 


JO 


Removal 
percentage (%) 


- (1 


[Cone « after adsorption (mg/l) h 1 nn 
[Initial cone, (mg/l) J ~ } x iUU 


Desorption 
percentage (%) 


{[Liquid amount (I) ] x [borate cone . (mg/jl) } 


[Amount of hydroxide 
{ or hydrous of rare 
earth element (g) ] 

x 100 


[Equilibrated' amount 
adsorbed (mg/g) ] 


Examples 1 & 2 
and 

Comparative Examples 1 to 3 


To a sample water having a pH of 5.4 prepared by 
dissolving boric acid (special reagent grade) in distilled 
water to a boron atom content of 4 5 ppm was added each of 
Ce hydrous oxide and Y hydroxide at a proportion of 4 g/liter , 

20 and the mixture was stirred at 30°C The boron concentration 

in the sample after 2 hours was measured by ICP (radio fre- 
quency inductive coupled plasma emission analysis, by means 
of JY-4 8 Model, produced by JOB IN YVON Co.) to determine 
equilibrated amount adsorbed and removal percentage. The 

25 results are shown in Table 1 . 
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Ce hydrous oxide : Cerium chloride was dissolved 
in distilled water and aqueous hydrogen peroxide in an amount 
equimolar to cerium was added, followed by stirring. Then, 
ammonia water was added to adjust the pH to 9 - The mixture 
was thereafter heated to 85°C to decompose excess hydrogen 
peroxide and aged overnight, followed by filtration to provide 
cake as the sample. The particle size of this sample was 
found to be 0.08 pm as the primary particle, and 0 . 4 pnt on 
an average as the agglomerated particle. 

Y hydroxide : Yttrium chloride was dissolved in 
distilled water, followed by addition of ammonia water to 
adjust pH to 9- After aging overnight, the mixture was 
filtered to provide cake as the sample. The particle size 
of this sample was found to be 0,06 pm as the primary par- 
ticle, and 0.2 ym on an average as the agglomerated particle. 

As Comparative Examples 1 to 3 , Mg hydroxide, Zr 
hydrous oxide and guar gum resin were tested similarly as in 
Examples 1 and 2 to determine the amounts adsorbed. Zr hy- 
drous oxide was prepared from zirconium oxychloride similarly 
as in the case of Y, and Mg hydroxide was prepared in the same 
manner as in the case of Y except for adding sodium hydroxide 
for adjustment of the pH to 10.5. 

Table 1 

Equilibrated 
Kind Kemovax amount adsorbed 

~ percentage (B 2 0 3 mg/g adsorbent 

Example- 1 Ce 8 9 % 32.2 

" -2 Y 66 % 23.9 

Comparative 

Example-1 Mg 10 % 3 . 6 

" -2 Zr 28 % 10.2 

" -3 Guar 12 % 4.4 

gun 
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Examples 3 & 4 
and 

Comparative Examples 4 & 5 


Sea water was employed as the aqueous borate ion- 


containing solution in these Examples. The pH of the sea 
water from natural sea water (boron cone- 4-5 ppm) was 
previously adjusted to 3 for removal of carbonate ion, then 
adjusted to 9 with an aqueious sodium hydroxide and the same 
hydrous oxide as in Example 1 was added r followed by stirring 
at 30°C„ The hydrous oxide of the rare earth element and 
other conditions are the same as in Examples 1 and 2 except 
for changing the amount of the metal hydroxide or oxide per 
unit liquid volume to 1 g/liter. As Comparative Examples 4 
and 5, there are shown the results of the tests conducted 
for the Mg hydroxide and Zr hydrous oxide prepared similarly 
as in Comparative Examples 1 and 2. In these experiments, 
when the concentration of Na, Ca, Mg and chlorine ion, sul- 
fate ion were compared to those before the treatment, there 
was no significant difference, with the precision of the 
analytical limit (99 %) * 


Table 2 


Kind of metal 
hydroxide or 
hydrous oxide 


Removal 
percentage 


Example- 3 


Ce 


80 % 


65 % 


Comparative 
Example- 4 


Mg 


25 % 


ii 


-5 


38 % 
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Examples 5 to 9 
and 

Comparative Examples 6 to 9 


In these Examples , the hydrous oxides of rare 
earth elements were formed by dissolving water-soluble salts 
of rare earth elements in borate ion-containing aqueous 
solutions » 

In decarbonated sea water, chlorides of rare earth 
elements were dissolved in amounts corresponding to 1 g of 
the hydroxides of rare earth elements per one liter of sea 
water, followed by addition of ammonia water to adjust the 
pH to 9 to form precipitates, which were mixtures of hydrox- 
ides and hydrous oxides of rare earth elements . After the 
mixture was left to stand at 20°C for 30 minutes, the super- 
natant of the sea water was collected and the boron concen- 
tration was measured by means of ICP to determine removal 
percentage. 

As Comparative Examples 6 to 9 , the same tests 
were conducted for Mg, Al , Fe and Ti (f or Mg , precipitates 
were formed by adding 1,1 times as much as the theoretical 
amount of ammonia water corresponding to the Mg salt) • The 
results are shown in Table 3, In these experiments, when 
the concentrations of Ma, Ca, Mg and chlorine ion, sulfate 
ion were compared with those before the treatment, there 
was no significant difference, with the precision of the 
analytical limit (99 %) - 
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Table 3 


10 


Example- 5 
-6 
-7 
-8 
-9 

Comparative 
Example- 6 

-7 

-8 


Kind of 
hydrous oxide 

La 
Ca 
Sm 
Gd 
Y 

Mg 
Al 
Ti 
Fe 


Remova 1 
percentage 

76 % 

8 0 % 

68 % 

62 % 

65 % 

3 4 % 
14 % 
8 % 
10 % 


Examples 10 to 13 

15 In these Examples , mixed rare earth compounds 

were used for the separation of borate ions in sea water. 
Each of commercially available rare earth chloride, Ge con- 
centrate, Y concentrate, Sm-Gd concentrate as shown in Table 
4 was dissolved in distilled water or sulfuric acid, and 

20 the total concentration of the rare earth elements was ad- 
justed to 500 mM/liter to provide a stock rare earth solu- 
tion. The stock rare earth solution was added to decarbonized 
sea water in an amount corresponding to the hydroxide of 1 g/ 
liter, followed by the same procedure as in Examples 5 to 9, 

25 to form precipitates of the hydrous oxide, and the removal per- 
centage of borate ions was determined. The results are shown 
in Table 5, In these experiments, when the concentrations of Na , 
Ca, Mg and chlorine ion, sulfate ion were compared to those be- 
fore the treatment, there was no significant difference, with 
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the precision of the analytical limit (99 %) - 


Table 4 


Compositions of rare earth elements 
(calculated as oxides) 



Rare earth 
chloride 
(produced 
in China) 

Ce concen- 
trate 
(produced 
in India) 

Y concen- 
trate 
(produced 
in Malaysia) 

Sm-Gd con- 
centrate 
(produced 
in China) 


15 wt% 

11 o wt% 

1.44 Wt% 

0. 40 Wt% 

Ce 2 u i» 

D JL . y JL 


1.18 

0 . 65 

Pr 6 O u 

5 . 12 

2.0 

0.36 

0.68 

Nd 2 0 3 

16-07 

3.0 

1.56 

5. 43 

Sm 2 0 3 

1.02 


1.06 

52. 48 

Eu 2 0 3 

0.19 


0.07 

1.82 

Gd 2 0 3 

0*17 


3.39 

26.32 

Tb 2 0 3 _ 5 



0.76 

1.27 

Y 2 0 3 

0*04 


68.45 

6,27 

Dy z 0 3 



7.55 

2.77 

Ho 2 0 3 



1.51 

0.24 

Er 2 0 3 



6 . 54 

0.56 

TKI2O3 



0.90 

0.17 

Yb 2 0 3 



5. 08 

0.50 

Lu 2 0 3 



0.15 

0.44 


« 1 ! 

I 

i 

i- 

I 
! 

Table 5 


Mixed rare Removal 

earth compound percent 

Example 10 Rare earth 69 % 

chloride 

M 11 Ge concentrate 71 % 

12 Y concentrate 65 % 

13 Sm-Gd concentrate 63 % 


Example 14 

10 To one liter of decarbonated sea water (sea water 

having the same composition as used in Example 3: boron 
cone- 4-5 ppm, 0-4 mM/liter as H £ B0{~ , sulfate ion cone* 
110 mM/liter and chlorine ion cone, 5 30 mM/liter) was added 
1 g of the Ce (IV) hydrous oxide as prepared in Example 1. 

15 The pH of the solution was adjusted with hydrochloric acid 
or sodium hydroxide to 3 to 10*5, followed by stirring at 
20 °C. The boron concentration in the sea water after 2 hours 
was determined and the adsorbed material was subjected to 
desorption with a 0-2 N alkali solution, and the sulfate ion 

2 0 concentration and chlorine ion concentration were measured 
to determine the amounts of borate ions, sulfate ion and 
chlorine ion adsorbed. Pig. 1 shows the results. 

Example 15 


This Example shows an example in which Ce (IV) hy- 
2 5 drous oxide was used as the adsorbent and reused after 
desorption « 

The Ce ( IV) hydrous oxide having borate ions ad- 
sorbed thereon similarly as in Example 3 was suspended in 
distilled water at a proportion of 2 wt . % , and an aqueous 
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sodium hydroxide solution was added to the suspension to 
adjust the pH to 12 to 13-5, followed by stirring. After 2 
hours , the boron concentration in the liquid was measured 
to determine de sorption percentage. Then, by use of the 
Ce (IV) desorbed under the condition of pH 13, the same pro- 
cedure as in Example 3 was repeated and the equilibrated 
amount: adsorbed and the removal percentage of borate ions 
were determined. 

In these experiments, when the concentrations of 
Na, Ca, Mg and chlorine ions, sulfate ions were compared to 
those before the treatment, there was no significant differ- 
ence, with the precision of the analytical limit (99 %) - 

Fig. 2 shows the relation between desorption per- 
centage and pH, and the equilibrated amount and the removal 
percentage during reuse were shown in Table 6 „ 

Table 6 

Equilibrated 

araoun t ad — ^ 
Removal Desorption 

percentage (mg _ B2 o 3 / g percentage 
adsorbent) 

ExampIe-3 (First use) 80 % 11. 6 m9 ^ 9 95 % 

Ex ample- 15 (Reuse after 78 % 11 - 8 

desorption) 


Examples 16 & 17 

In these Examples, borate ions in brine and bittern 
were adsorbed by use of Ce ( IV) hydrous oxide, followed by 
desorption* 

For the brine (10° Be , boron atom cone. 13 ppm) 
obtained by the concentration of natural sea water as shown 
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in Table 7 and the bittern (33° Be, boron atom cone- 44 ppm) , 
the Ce (IV) hydrous oxide as prepared in Example 1 was added 
to each of them at a proportion of 67 mg/B 2 0 3 — mg and removal 
percentage was determined. Before use, the brine and the 
bittern was decarbonated and adjusted to pH 9.0 with an 
aqueous caustic soda solution. Then, the Ce hydrous oxide 
having adsorbed borate ions thereon was filtered off and 
added to an aqueous sodium sulfate solution having a concen- 
tration of 30 mM/liter whose pH was adjusted to 2.0 with 
HC1, at a proportion of 1 W/V % , followed by stirring to 
effect desorption. The results are shown in Table 8 . 


Table 7 


\Component 

CaSCU 

MgSO i| 

MgCl 2 

MgBr 2 

KC1 

NaCl 

Total 
salt 
content 
wt% 

Example 16 
brine 

0.4* 

0-6* 

0.9* 

0.0 % 

0.2 % 

7.4* 

9.5* 

Example 17 
bittern 


8.0 

12.9 

0- 3 

2-4 

8. 6 

32. 2 


Table 8 



Removal 
percentage 

Equilibrated 
amount adsorbed 
(B 2 0 3 -mg/g- 

adsorbent) 

Desorption 
percentage 

Example 16 brine 
Example 17 bittern 

86 % 
92 % 

12. 9 
13.7 

9 5 % 
94 % 
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Example 18 to 21 


In these Examples, Ce (IV) hydrous oxide was de- 
sorbed with an alkaline aqueous solution and then subjected 
to re-adsorption- 

The Ce (IV) hydrous oxide having borate ions ad- 
sorbed similarly as in Example 3 was suspended in an aqueous 
alkaline solution containing an alkali species and having a 
pH as indicated in Table 9, at a proportion of 2 W/V % at 
50°C- After 2 hours, the borate concentration in the solu- 
tion was measured to determine desorption percentage. Next, 
following the same procedure as in Example 3 , re- adsorption 
was effected and removal percentage was determined. During 
the re-adsorption , the pH of the suspension was adjusted to 
9, 

In these experiments, when the concentration of 
Na, Ca f Mg and chlorine ion, sulfate ion were compared to 
those before treatment, there was no significant difference, 
with the precision of the analytical limit (9 9 %) - 

The results are shown in Table 9. 


Table 9 



Alkali 

pH 

Desorption 
percentage 

Remova 1 pe rc en t- 
age during reuse 

Example 

18 

NaOH 

12 -B 

92 % 

75 % 

ti 

19 

KOH 

12. 8 

80 % 

65 % 

ii 

20 

Ca (OH) 2 

12.8 

36 % 

30 % 

it 

21 

NH^OH 

11.5 

20 % 

17 % 
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Example 22 


Dy use of Ge(IV) hydrous oxide granulated with a 
poly aery Ion itrile resin was employed for the adsorption of 
borate ions in sea water, and further readsorption was con- 
ducted after desorption. 

Preparation of granules 

Polyacrylonitrile was dissolved in dime thy 1 for- 
mamide at a concentration of 10 wt. %, and to the solution 
the Ce (IV) hydrous oxide (powder obtained by drying the cake 
of Example 1 , ignition loss 18-5 wt.%, average particle size 
as the agglomerated particle: 0-8 u) was added in an amount 
5 times as much as the weight of the polymer, followed by 
•sufficient stirring to effect dispersion. The resultant 
mixture was granulated in water as the coagulating bath. 

The granules (size 1*0 - 0.5 mm 0 , void volume 
0,65) were packed in a glass column to a bulk volume of 20 ml 
(8.0 g of Ce (IV) hydrous oxide is contained in said 20 ml) - 
Sea water of 30 °C previously decarbonated by the adjustment 
of the pH to 3 with HCl and aeration, followed by readjustment 
to pH 9 with addition of saturated Ca (OH) z solution, was 
passed through the above packed column at a rate of 40 0 ml/hour 
for 12 hours. The boron concentration in said sea water was 
14 ppm as B2O3 - The borate concentration in the sea water 
at the column outlet and the total borate concentration in 
the total amount of the sea water 4.8 1 were measured to 
determine the outlet concentration and the total amount ad- 
sorbed (Adsorption 1) . 

Subsequently, through the column after the adsorp- 
tion, distilled water was passed at a rate of 400 ml/hour 
to replace sea water, and then a 0.1 N aqueous NaOH solution 
(pH 13) was passed at a rate of 30 ml/hour for 6 hours. The 
borate concentration in 180 ml of the aqueous NaOH solution 
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flown out: from the column was measured to determine the 
total amount desorbed and tin 5 desorption percentage (De sorp- 
tion 1) „ 

Next, the granule after the above desorption was 
taken out, washed with water to remove the alkali components 
attached, and then packed again in the column. The same 
decarbonated sea water as described above was passed through 
the column, and the outlet concentration and the total amount' 
adsorbed after 12 hours were determined (Adsorption 2) . 

Subsequently, an aqueous Na 2 S0i* solution having a 
concentration of 30 mM/liter whose pH was adjusted to 2 with 
HCl was passed through the column at a rate of 4 00 ml/hour 
for 6 hours. The borate concentration in the aqueous Na 2 SCK 
solution flown out from the column was measured to determine 
total amount desorbed and the desorption percentage (Desorp- 
tion 2) „ 

Further, the granules after the desorption were 
taken out, immersed in 200 ml of an aqueous NaOH solution 
having a pH of 12 for one hour to acl just the pH of the liquid 
phase to 9, and then packed again in the column. Again, the 
decarbonated sea water was passed similarly as described 
above to have borate ions adsorbed, and the outlet concen- 
tration and the total amount adsorbed were measured after 
12 hours (Adsorption 3) . 

In these experiments, when the concentrations of 
Na, Ca, Mg and chlorine ion, sulfate ion were compared to 
those before the treatment, there was no significant differ- 
ence, with the precision of the analytical limit (99 %) * 
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Table 10 



Outlet 
B2O3 
cone- 
after 
12 hours 

Total 

amount 

adsorbed 

\ 

Total 

amount 

de° 

s orbed 

Desorp- 
tion 
per- 
centage 

First 

adsorption 
(Adsorption 1) 

1-2 

64 * 3 mg 

(8.0mg/g- 
Ce*) 

Desorption 
with NaOH 
(Desorp- 
tion 1) 

62 . 4mg 

97 % 

Reads o rpti on 
after desorp- 
tion with 
NaOH 

(Adsorption 2) 

1-3 

63*8 mg 

( 8 . Orag/g- 
Ce) 

Desorption 
with 
Na 2 SO H 
(Desorp- 
tion 2 ) 

62 - 5mg 

98 % 

Re adsorpti on 
after desorp- 
tion with 
Na 2 SO H 

(Adsorption 3) 

1-1 

64.6 mg 

( 8 - lmg/g- 
Ce) 

* mg-B 2 0 
oxide 

a/g-Ce (IV) hydrous 


Example 2 3 

Ce (IV) hydrous oxide was added to natural sea water 
which had not been subjected to decarbonation treatment to 
effect adsorption - 

Example 3 was repeated except that natural sea 
water without decarbonation was used after the adjustment 
of the pH to 9. The results are shown in Table 11 together 
with Example 3. Quantitative determination of carbonate 
ion was conducted by anion chromatography- 
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Table 11 



i 

Carbonate 
ion cone . 

Remova 1 
percentage 

Equilibrated 
amount 
adsorbed 
(B 2 0 3 -mg/g- 
adsorbent) 

Example 3 

Decarbonated 
sea water 

0.09 mM/£, 

80 % 

11- 6 

Example 23 

Natural sea 
water 

1.1 mM/Jt 

51 % 

7.4 


As described above, according to the present in- 
vention, borate ions can be separated from water containing 
borate ions at a low concentration such as sea water, brine 
or bittern with good selectivity and at high efficiency, and 
15 further the hydroxide and the hydrous oxide of a rare earth 

element can be easily regenerated for reuse* Therefore, the 
present invention is very suitable for commercial processes 
for the separation and removal of borate ions . 

The process of the present invention can be applied 
20 in the field of industry where absence of borate ions in 

water is required such as in the case of production of high 
purity magnesium hydroxide from sea water, brine or bittern. 
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1_ a process for separating borate ions by adsorption, 

which comprises the step of contacting borate ion-containing 
water having a pH of about 5 to about 11 with an adsorbent 
comprising at least one compound selected from 

hydroxides and hydrous oxides of rare earth 

elements thereby to have the borate ions adsorbed on the ad- 
sorbent. 

2. The process of claim 1 , further comprising the step 
of contacting the adsorbent having the borate ions adsorbed 
thereon with a desorbing solution having a pH of about 2 to 
about 4 or about 12 to about 14 to desorb the borate ions, 
thereby regenerating said adsorbent. 

3. The process of claim 2, comprising the step of wash- 
ing the regenerated adsorbent with water having a pH of about 
5 to about 10 to remove borate ions from the adsorbent. 


4- The process of claim 2, wherein the desorbing 
solution is an aqueous solution having a pH of about 2 to 
about 4 containing at least one inorganic anion selected 
from hn Loqun nw Lonu , sul fate ion , 
nitrate ion and phosphate ion and organic anion selected 
from oxalate anion and acetate anion. 

5 - The process of claim 2, wherein the desorbing solu 
tion is an aqueous solution having a pH about 12 to about 14 
containing at least one inorganic alkali selected from 
ammonium hydroxide, potassium hydroxide, 

sodium hydroxide and calcium hydroxide and organic amine 
selected from primary a Iky 1 amine , 

secondary alkylamine, tertiary alkylamine, and hydroxy lalkyl- 
amine. 

6- A process for separating borate ions by adsorption 
which comprises alternately repeating the step (A) of contact- 
ing a borate ion-containing water having a pH of about 5 to 
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about 11 with an adsorbent comprising at least one compound 
selected from hydroxides and hydrous 

oxides of rare earth elements and the step CB) of contacting 
the adsorbent having borate ions adsorbed thereon with a 
desorbing solution having a pH of about 2 to about 4 or a pH 
of about 12 to about 14 to desorb the borate ions* 

7 . The process of claim 6 further comprising the step 
(C) of separating the adsorbent having adsorbed borate ions 
thereon from the water after the step (A) - 

8. The process of claim 7, additionally comprising the 
step CD) of washing the separated adsorbent with water to 
remove the borate ion-containing water after the step CC) » 

9. The process of claim 6 further comprising the step 
(E) of separating the adsorbent having desorbed the borate 
ions therefrom from the desorbing solution after step IB) , 

10. The process of claim 9 additionally comprising the 
step Cf) of washing the separated adsorbent with water having 
a pH of about 5 to about 11 to give an adsorbent containing 
substantially no borate ions after the step (E) . 

11. The process of claim 1 or claim 6, wherein the 
borate ion-containing water is sea water, brine or bittern. 

12. The process of claim 11, wherein carbonate ion is 
removed from the borate ion-containing water prior to its 
contact with the adsorbent. 

13. The process of claim 11 or claim 12 , wherein the 

pll of the borate ion-containing water is about 7 to about 9.5. 

14. The process of claim 6, wherein the desorbing solu- 
tion is an aqueous solution of an inorganic alkali or an 
organic amine. 
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15. The process of claim 14 , wherein the inorganic 
alkali is ammonium hydroxide, potassium hydroxide, sodium 
hydroxide or calcium hydroxide. 

16. The process of claim 15, wherein the inorganic 
5 alkali is sodium hydroxide. 

17. The process of claim 6, wherein an inorganic or 
organic anion is added to the desorbing solution having a 
pH of about 2 to about 4 in the step (B) . 

18. The process of claim 17, wherein the inorganic 

1 0 anion is a halide anion, sulfate ion, nitrate ion or phos- 
phate ion. 

19. The process of claim 18, wherein the inorganic 
anion is sulfate ion. 

20. The process of claim 17, wherein the amount of the 
15 inorganic or organic anion is about 0.5 to about 1000 mM/Jl . 

21. The process of claim 1 or claim 6, wherein the 
rare earth element is at least one metal selected from 
y, La, Ce, Pr, Nd, Pm, Sni, Eu, Gd, Tb, 

Dy , Ho, Er , Tm, Yb and Lu. 

20 22. The process of claim 21, wherein the rare earth 

element is Ce (IV) . 

23. The process of claim 21, wherein the rare earth 
element is La- 

24. The process of claim 21 , wherein the rare earth 
25 element is Y. 

25. The process of claim 21, wherein the rare earth 
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element is Sm. 

26. The process of claim 21, wherein the hydroxides 

and the hydrous oxides of rare earth elements are derived 
from a rare earth chloride. 

27 • The process of claim 21 , wherein the hydroxides 

and the hydrous oxides of rare earth elements are derived 
from a Ce concentrate „ 

28- The process of claim 21 , wherein the hydroxides 

and the hydrous oxides of rare earth elements are derived 
from an Y concentrate. 

29 „ The process of claim 21 , wherein the hydroxides 

and the hydrous oxides of rare earth elements are derived 
from a Sm-Gd concentrate. 

30. The process of claim 1 or claim 6, wherein the 
hydroxide or hydrous oxide is supported on a porous carrier. 

31. The process of claim 30 , wherein the porous carrier 
is an organic polymer. 

32. The process of claim 31, wherein the organic poly- 
mer is a hydrophilic polymer- 

33* The process of claim 32, wherein the hydrophilic 

polymer is polyacrylonitr ile , poly amide , cellulose resin, 
polysulf one or vinyl chloride-vinyl alcohol copolymer. 

34. The process of claim 30, wherein the adsorbing 
material is spherical. 

35. The process of claim 34, wherein the adsorbent has 
an average diameter of about 0.1 mm to about 5 mm and a 
porosity of about 0.5 to about 0„85. 
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36. An adsorbent for borate ions dissolved in water 
which comprises a hydroxide or a hydrous oxide of a rare 
earth c lenient, 

37. The adsorbent of claim 36 , wherein the rdre earth 
element is at least one metal selected from 

Y , La, Co , Pr , Nd, Pm, Sm, Eu, Gd , Tb , Dy , Ho, 
Er, Tin, Yb and Lu. 

38. The adsorbent of claim 37, wherein the rare earth 
element is Ce. 

39. The adsorbent or claim 37 , wherein the rare earth 
element is La, 

40. The adsorbent of claim 37, wherein the rare earth 
element is Sm. 

41. The adsorbent o£ claim 37, wherein the rare earth 
element is Y. 

42. The adsorbent of claim 3 7,' wherein the hydroxide or 
the hydrous oxide of a rare earth element are derived from 
a rare earth chloride. 

43. The adsorbent of claim 37 , wherein the hydroxide or 
the hydrous oxide of a rare earth element are derived from 
a Ce concentrate- 

44 . The adsorbent of claim 37, wherein the hydroxide or 

the hydrous oxide of a rare earth element are derived from 
an Y concentrate . 

45, The adsorbent of claim 37, wherein the hydroxide or 

the hydrous oxide of a rare earth elements are derived from 
a Sm~Gd concentrate. 
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46. The adsorbent of claim 36 , wherein the hydroxide 
or; hydrous oxide of a rare earth element has an ignition 
loss of about 10% by weight to about 351 by weight. 

47. The adsorbent of claim 46, wherein the hydroxide 
or hydrous oxide of a rare earth element has an ignition 
loss of about 12% by weight to about 30% by weight. 

48. The adsorbent of claim 36 , wherein the hydroxide 
or hydrous oxide of a rare earth element has an average 
primary particle diameter of about 0.01 urn to about 2 um 

and an average agglomerate particle diameter of about: 0 . 05 pm 
to about 20 pm. 

49. The adsorbent of claim 36 , wherein the hydroxide 
or hydrous oxide of a rare earth element is supported on a 
po ro u s e a rrier . 

50. The adsorbent of claim 4 9 , wherein the porous 
carrier is an organic polymer. 

51. The adsorbent of claim SO, wherein the organic 
polymer is a hydrophilic polymer. 

52. The adsorbent of claim 51, wherein the hydrophilic 
polymer is polyacry lonitrile , polyamide , cellulose resin, 
polysulf one or vinyl chloride-vinyl alcohol copolymer. 

53. The adsorbent of claim 49 , which is spherical, 

54. The adsorbent of claim 53, which has an average 
diameter of about 0.1 mm to about 5 mm and a porosity of 
about 0.5 to 0.85. 

55. A method of preparing an adsorbent for borate 
ions dissolved in water which comprises dissolving at least 


3 5 


one salt of at least one rare earth element in water to give 
a solution and adding an alkaline solution to the resulting 
solution to give precipitates - 

56 - Th~ method of claim 55 , wherein the rare earth ele- 

r > went- is at least one metal selected from 

Y, T.p. , Co , Pr , Nd, Pm f Sm f Eu, Gd , Tb , Dy , Ho , Er, Tm, Yb 
and Lu . 

57. The method of claim 56, wherein the rare earth 

element is Ce. 

10 58. The method of claim 56, wherein the rare earth 

element is La. 

59. The method of claim 56, wherein the rare earth 
element is Sm. 

60. The method of claim 56, wherein the rare earth 
15 element is Y. 

61. The method of claim 55, wherein the salt of the 
rare earth element is a rare earth chloride. 

62- The method of claim 55, wherein the salt of the 

rare earth element is a Ce concentrate. 

20 63. The method of claim 55, wherein the salt of the 

rare earth element is an Y concentrate, 

64- The method of claim 55, wherein the salt of the 

rare earth element is a Sm-Gd concentrate. 

65. The method of claim 55 , wherein the salt of a rare 

25 earth element is water-soluble. 
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66. The method of claim 65, wherein the water-soluble 

salt Is at least one salt selected from 

the chlorides, the sulfates and the nitrates of a rare 
earth element* 

5 67- The method of claim 55, wherein the water contains 

borate ions. 

68. The method of claim 55 further comprising drying 
the precipitates at a temperature below about 150°C. 

69. The method of claim 68 additionally comprising 

10 dispering the dried precipitates into a solution of a hydro- 
philic polymer and coagulating the resulting mixed solution 
with water to form particles. 

70. The method of claim 69, wherein the hydro phi lie 
polymer is at least one polymer selected from 

15 polyacrylonitrile , poly amide , cellulose rosin, 

polysulf one and vinyl chloride-vinyl alcohol copolymer, 

71. A process according to claim 1 or 6 for separating 
borate ions by adsorption, substantially as hereinbefore described 
and exemplified. 

20 72- An adsorbent according to claim 36, substantially as 

hereinbefore described and exemplified. 

73 „ A method according to claim 55 of preparing an adsorb- 

ent , substantially as hereinbefore described and exemplified. 

74 . An adsorbent whenever prepared by a method claimed in 

2 5 any one of claims 55-70 or claim 73. 

F. R« KELLY & CO. , 

AGENTS FOR THE APPLICANTS. 
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